Meanwhile, according to fiahiner and Yalç›n's reference to Scheuer, sex can be determined with 80% confidence using the cranium; with 90% confidence using the head and mandible, and with 80% confidence using the pelvis. [5] Sex determination can be made by the radiographic measurements of the calcaneus. [6] This method ensures an alternative facility to possible problems arising from the post-mortem changes in the skeleton. The relevance of calcaneus in sex determination was asserted by a number of authors. [6] [7] [8] [9] The main reason why the calcaneus is chosen for the determination of sex is related to its solid structure and its resistance to post-mortem changes. [6] 
Materials and Methods
In this study, radiographs were obtained from the Department of Radiology of TOBB University of Economics and Technology Hospital. The calcanei of 66 male and 77 females (a total of 143 individuals), anatomically normal in every aspect, were used (Ethics committee approval numbered GO16 / 68 with meeting number 2016/08).
The radiographs were divided into three groups. Group 1 contained individuals born in and before 1970 (n=43), Group 2 consisted of patients born in between 1971-1985 (n=40), and Group 3 included patients born in 1986 and afterwards (n=60). Grouping was done because of the foot's anatomy and changes in bone development in different age groups. The bony mass reaches to its maximum density in the ages of 30-35. After this age interval, the bone turnover results in the loss of bone mass. [10] Because of this, individuals younger than 30 were included in a separate group, Group 3. Group 1 included people older than 45 years old due to the possibility of osteoporosis after the age of 45. [11] In the identification process used for the sex determination, metric and non-metric methods were used. In this study, the metric methods were chosen.
After determining the following eight parameters from the latero-lateral radiographies of calcaneus, we conducted the metric measurements with the eFlim program which is appropriate to the PACS system that is used in the TOBB University of Economics and Technology Hospital (Figure 1) .
Maximum width (a-g):
The distance in between the most posterior point of calcaneus and the highest point of the height of facies articularis cuboidea.
Body width (b-g):
The distance in between the most posterior point of calcaneus and lowest point of the height of facies articularis cuboidea.
Maximum length (e-f):
The distance in between the most superior and most inferior points of the calcaneus.
Minimum length (c-d):
The distance in between the deepest points of the superior and inferior surfaces calcaneus.
The height of facies articularis cuboidea (a-b):
The distance in between the highest and lowest points of facies articularis cuboidea. 
Statistical analysis
Mean±standard deviation (SD) and median values were used to describe the quantitative variables. Also, frequency and percentages were given for the nominal data. Normality assumption was checked by Shapiro Wilk's test. Since data did not conform to normal distribution, non-parametric statistical tests were used. The distribution of qualitative variables among study groups was analyzed by chi-square test. 
Results
Among males 24.2% of (16/66) were in Group 1, 30.3% (20/66) were in Group 2 and 45.5% (30/60) of were in Group 3. Among females, 35.1% of (27/77) were in the Group 1, 26% (20/77) were in Group 2, and 39% (30/77) of were in Group 3. The sexes in the age groups were observed to be similar (p=0.372). Mean, standard deviation and median values for each parameter among age groups are shown in Table 1 . In each of the age groups, the defining statistics of each sex were separately defined ( Table 2 ). The statistically significant difference according to sex was observed in the parameters ag, b-g, b-a, e-f, c-d for all parameters (p<0.001). The difference between the age groups was determined in ag (p=0.012), b-g (p=0.014), b-a (p=0.025), tuber angle (α) (p=0.002), and anterior angle (β) (p=0.036) measurements.
In the first group, significant statistical difference was observed in all of the parameters (p<0.05) except for the tuber angle (α) (p=0.17), the anterior angle (β) (p=0.343) and tuber plantare angle (∑) (p=0.92) ( Table 2 ). In the second group, statistically significant difference was observed in all of the parameters (p<0.05) except for the tuber plantare angle (α) (p=0.184), the anterior angle (β) (p=0.673) and tuber plantare angle (∑) (p=0.585) ( Table  2 ). In the third group, statistically significant difference was observed in all of the parameters (p<0.05) except for the tuber angle (α) (p=0.722), and the tuber plantare angle (∑) (p=0.051) ( Table 2) .
Discussion
In females and males, Riepert et al. [6] found the mean value of tuber angle 33.8° and 34.7° mean value of the anterior angle 40.1° and 41.2° and mean value of tuber plantare 73° and 72°, respectively. In our study, the mean value of tuber angle was 33.52° and 35.14°, mean value of anterior angle was 38.96° and 40.32° and mean value of tuber plantare was 46.03° and 46.59°, respectively. In the study of Riepert et al., [6] there was obviously a greater difference between males and females in the linear measurements than in angles. The authors found the male calcaneus significantly to be larger than the females. However, there was no difference in their proportions. In our study, the mean value of tuber plantare was found to be smaller than Riepert's research. [6] Variables In the comparison of the same parameters studied by Riepert et al., [6] Kim et al., [14] Zhang et al., [13] Introna et al., [9] Bidmos et al. [8] and our study, morphometric measurements of the males were found to be higher than in females in all of the studies. However, in the study by Zhang et al., [13] morphometric values were found to be smaller than our morphometric data both in males and females. This difference was thought to be related with genetical differences (Table 3) . [6, 8, 9, 13, 14] Studies found in the literature concluded that the measurements of males were found to be higher than the females ( Table 3) . The black community living in Europe had higher calcaneus measurement values than the ones living in Southern African society. Within the framework of this conclusion, according to Bidmos, [15] sex and population cause to a difference in osteometric dimensions of calcaneus.
In the study of Bidmos and Dayal, [16] the values of males' parameters were higher than the females'. The authors further maintained that the results gained by the osteometric methods provided an easy and fast way of determining sex. [16] As already asserted in a number of studies. Kim et al., [14] also supported Bidmos and Dayal, [16] claim that males possess higher measurement values as compared to females. [14] On the other hand, while stating that it is difficult to statistically differentiate between white and black Americans by osteometric methods. Steele claimed that these methods could be used to determine sex in the community of Pueblo. [17] 
Conclusion
This research shows that the calcaneus plays an important role in the determination of sex. As it was observed that the measurements of length were an easy method for sex determination, the participants' angular measurements did not reveal any statistical differences. In conclusion, if supported by non-metric methods which are mostly used by the forensic anthropologists, radiographic analysis of the calcaneus can be used as an alternative method in the forensic anthropology and the forensic sciences.
